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SURFACE IREA3MEMT ME3H3D MID OGMPOSmON K>R ZINC COATED STSEL SHEET 

The present invention relates to treating the surface 
of zinc coated steel, particularly sheet steel, e.g., elec- 
trogalvanized, electrolytic zinc-alloy plated, hot-dip gal- 
vanized, galvannealed, and/or zinc/aluminum alloy-plated 
steel, in order to deposit thereon nickel, cobalt, and/or 
compounds thereof, with the object of providing a surface 
which is an excellent underlayer for such subsequent coat- 
ing operations as painting, laaiinating, ceramic coating, 
and the lilce. In concrete terns, the present invention is 
especially suited for the production of surface treated 
steel sheets {tor example, painted steel sheet, laminated 
steel sheet, and surface treated car body panels) by coat- 
ing or laminating either immediately after execution of 
treatment according to the present invention or after an 
intermediate chromating treatment or phosphating treatment. 
^ X™gRO™D art 

It has long been known that the paint adhesion and 
post-coating contasion resistance can be ia^roved through 
chemical treatments in which a heavy metal and/or compound 
thereof is deposited on the surface of zinc coated steel 
sheet. Examples from the art in this regard are (l) Japa- 
ne;se Patent 3?ublication Number 52-22618 {22,618/77] and {2> 
Japanese Patent publication Number 43-12974 [12,974/68]. 
Both of these concern the deposition of a heavy metal, such 
as nickel, cobalt, iron, or the like, onto galvanized steel 
sheet. Heavy metal or oxide thereof is deposited onto zinc 
coated steel sheet by treatment in the acidic range at pH 
2 according to the invention of reference (1) and by treat- 
ment in the alkaline range at a pH of at least 11 according 
to the invention of reference (2) . A disadvantage accruing 
to each of these prior art references is the occurrence of 
excessive etching of the zinc {an amphoteric metal) by the 
ion or OH** ion. This results in a degradation in the 
performance of the end product, for exaniple, a decline in 
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corrosion resistance. 

!Chus, metbods are already known for improving the. ad- 
hesion of coatings (e. g.r paints, laminates, ceramic coat- 
ings, etc.) to the substrate through the substitution pre- 
5 cipitation of cobalt or nickel onto zinc coated steel 
sheet, but in each case the prior treatment solution, being 
acidic or alkaline, etches the zinc substrate too much, 
with a resulting decline in performance, for example, in 
corrosion resistance. On the other hand, while excessive 
10 etching does not occur in the neutral pH region, the cor- 
responding rate of metal substitution precipitation is so 
slow as to be useless for practical applications. 

DESCRIPTION OT THE INVENTION 

Problem to Be Solved by the Invention 

15 The principal goal of the invention is the development 

of a nickel and/or cobalt deposition process which could be 
run at a nearly neutral pH but ^^ch would nevertheless be 
rapid, which deposits nickel and/or cobalt in quantities 
large enough to improve the paint adhesion and post coating 

20 corrosion resistance, and which has a good solution stabil- 
ity- 

Summary of the Invention 

It was discovered that one or more compounds selected 
from among ammonia and amine confounds which carry at least 

25 one amino group, or preferably at least two amino groups, 
constitute an excellent completing agent for the substitu- 
tion precipitation of nickel and/or cobalt from a treatment 
solution in the neutral region. Said completing agents 
have a good stability with metal ion in the neutral region 

30 and support the rapid deposition of quantities sufficient 
to improve the paint adhesion smd post coating corrosion 
resistance. Examples of amine compounds which carry at 
least one amino group are: ethylenediamine, triethylenedi- 
amine, N-methylenediamine, N-n-propylethylenediamine, N,N- 

35 dipropylethylenediamine, lr2-dlaminopropane, aeso-2,3-di- 
aminobutane , rac -2 , 3 <-diaminobutane , cis- 2 , 3-diaminocyclo- 
hexane, iEans-lf 2-diaminocyclohexane, trans-x,2-diamino- 
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cycloheptane, diethylenetriaaine, triethylenetetramine, and 
various amino acids. 

The substitution precipitation reaction of nickel and 
cobalt is substeujtially accelerated by the presence, as a 
5 third component in addition to the metal ion and complexing 
agent, of at least one ionic species or compound selected 
from the nitrite ion, nitrate ion^ thiocyanate ion, thio- 
sulfate ion, thiourea, phosphite ion, hypophosphite ion, 
eaid perchlorate ion. 

10 The corrosion resistance of zinc coated steel sheet is 

improved by the execution of a surface treatment, such as 
a chromating treatment^ phosphating treatment, or blacken- 
ing treatment, on zinc coated steel sheet after its treat- 
ment using a treatment solution as described above; and 

15 this provides a surface specifically optimized as an under- 
coating for painting, laminate coating, and ceramic coa- 
ting. 

Petails of Preferr ed Embodiments of the Tnvenl-^^ p 

The total concentration of both Ni^**" and Co^"*" ions in 
20 the treatment liquid of the present invention (abbreviated 
below as the "present treatment liquid") should preferably 
be 0.01 to 30 grams per liter ("g/L") and more preferably 
is 0.02 to 15 g/L. Values below o.Ol g/L are usually im-- 
practical because the deposition rate is too slow, while 
25 values in excess of 30 g/L are economically disadvantageous 
because the deposition rate becomes saturated. While the 
Ni and Co^"^ can be si^plied in the form of the metal, 
they are advantageously furnished in the form of their 
salts, e. g., the sulfate, chloride, oxide, hydroxide, car- 
30 bonate, nitrate, etc. 

A component indispensable to the substitution precip- 
itation of nickel and/or cobalt from the treatment liquid 
in the neutral region is a complexing agent which exhibits 
good stability with metal ion in the neutral region and 
35 which supports the rapid deposition of quantities suffi- 
cient to improve the paint adhesion and post-coating corro- 
sion resistance. Such a con^lexing agent takes the form of 
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one or nore aompoymOs selected f roa anmonia and a»ine com- 
pounds «iiich have at least one a»ino grottp, preferably at 
least two aaino groups, as specifically exenplified by eth- 
ylenediaaine, triethylenediamine, N-methylenediaanine N-n- 
5 propylethylenediamine, »,N-dipropylethylenediamine, 1,'2-di- 
aainopropane, Bfiga-2,3-diaBinobutane,_£as-2,3-diaminobu- 
tane, sis-2 ,3-diaininocyolohexane, :&aas-l,2-dia»inocyclo- 
hexane, :^3s-l,2-diajainocycloheptane, diethylenetriamine 
triethylenetetramine, and various amino acids. These must 
10 be added in quantities sufficient to complex the nictel and 
cobalt. Thus, for example, vhen Hi^* and aamonia are pres- 
ent in the aqueous solution, the nickel/anmoniua complex 
takes the form of {Ni(NH3)^,2+ and at least six times as 
mich ammonia must be added on a molar basis as Ki^^ one 
15 Should note that, within the context of the present inven- 
tion, these coaplexing agents do not exercise a particular- 
ly adverse effect even when present in quantities in excess 
Of ^ that theoretically necessary to complex the Ni2+ and 

CO . Tteir upper limit will be established by the econom- 
20 xcs and solubilities. 

The present treatment liquid advantageously contains 
a metal deposition-accelerating component in an amount of 
0.001 to 50 g/L, more preferably 0.05 to 20 g/i., of mater- 
xal selected ftroa nitrite ions, nitrate ions, thiocyanate 

25 10ns, thiosulfate ions, thiourea, phosphite ions, hypophos- 
Phite ions, and perchlorate ions. The accelerating effect 
IS normally inadequate at less than o.ool g/L, while values 
in excess of 50 g/i, are uneconomical because the effect be- 
comes saturated. In concrete terms, thiourea will be added 

30 as such, while the other selections may be added as their 
alkalx aetal or ammonium salts. The presence of these com- 
pounds achieves the advantage of increasing the catalytic 
oxidation activity of the coi.5>lex itself. This activity is 
believed to accelerate zinc elution tram the surface of the 
35 metal being treated, which supports the rapid deposition 
onto this metal surface of nickel or cobalt from the com- 
plexes having nickel or cobalt as the central metal ele- 
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Stent* 

The treatxaent bath according to the present invention 
may be maintained at any temperature within the r^ge from 
room temperature to its boiling point, and it should be 
5 contacted with the zinc coated steel sheet for the time 
necessary to develop the desired quantity of metal deposi- 
tion. The application method here may comprise, for exam- 
ple, immersion, spraying, flow coating, roll coating, and 
brush coating* 

10 with regard to the quantity of metal deposition on the 

zinc-basls-plated steel sheet, that is, the suitable range 
for the quantity of (Ni + Co) deposition, this will depend 
on the ultimate objective, but the general range is approx- 
imately 0.1 to 1,000 milligrams per square meter of surf ace 
15 treated ("mg/m^") • 

After this treatment, water rinsing followed by drying 
will provide an undercoat suitcUsle for adhesion or paint- 
ing. The appropriate quantity of metal deposition in such 
cases is 2 to 150 mg/m . An improvement in the adhesive 
20 strength with the substrate is not usually obtained at val- 
ues below 2 mg/m^, ^ile values in excess of 150 mg/m^ are 
economically disadvantageous because the effect becomes 
saturated. 

A surface strongly adapted as an undercoat for paint- 
25 ing or lamination is obtained by execution of treatment 
with the treatment liquid of the present invention, fol- 
lowed by a water wash and then a chromate treatment • In 
this case, the preferable quantity of metal deposition is 
the same as for treatment with only the bath according to 
30 the present invention, i, e., 2 to 150 mg/m^. 

The development of black rust is a problem when a 
chromate treatment is used as a temporary or one-time rust 
preventive for zinc coated steel sheet rather than as an 
underlayer for coatings; however, the development of black 
35 rust can be prevented by treatment with liquid according to 
the present invention prior to the chromate treatment. In 
such a ceise, the preferred qucuitity of metal deposition is 
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O.X to 5 ang/m^. Values less than O.l ag/a^ vlii not usually 
prevent the development of black rust, wHile exceeding 5 
mg/m diminishes the ability of the chroaate to prevent 
white rust* 

A surface advantageously adapted as an undercoating 
for such coating operations as painting and lamination may 
also be prepared by treatment with treatment liquid accord- 
ing to the present invention followed by a water wash and 
then a phosjrtiating treatment. The preferred metal add-on 
in this case is the same as in chromate treatment at 2 to 
150 mg/m^. 

Treatment with treatment liquid according to the pres- 
ent invention prior to a baked chromate type blackening 
treatment (as described in Japanese Patent Application Num- 
ber 63-310542 {310,542/88}) can substantially improve the 
corrosion resistance and substrate adhesion of the baked 
chromate type blackening treatment film. In this case, the 
preferable deposition or add-on is 2 to 1,000 mg/m^. Val- 
ues below 2 mq/n? do not usually result in an improvement 
in adhesion or corrosion resistance, while values in excess 
of 1,000 mg/m^ are economically disadvantageous because the 
further improvement in adhesion and corrosion resistance 
becomes minuscule. 

The effect of the present invention will be concretely 
2.5 explained below with reference to illustrative and compari- 
son examples. 

Examples 

I- Exaii?)les 1 through 10 concern the preparation of an 
undercoating for painting by treatment of galvanized steel 

30 sheet with treatment liquid according to the invention, 
followed by washing with water and drying. 

Table 1 reports the materials used in Examples 1 
through 10, the composition of the treatment liquids, the 
treatment conditions, and the quantities of metal deposi- 

35 tion. Immersion was used as the treatment method in all 
cases. The galvanized steel sheet serving as the treatment 
substrate was an electrogalvanized (EG) steel sheet with a 
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sheet thickness of 0.45 mm, sheet width of 200 ma, length 
of 300 an, and plating of 20 gV. a bakable aminoal]cyd 
paint (DELICON™ 700 from Dai Nippon Toryo) was applied to 
a thicJcness of 30 aicroneters using a bar coater. The ap^ 
plication of paint was followed by baking for 30 minutes 
at 120 degrees Centigrade. 

With regard to the post-coating evaluation, salt spray 
testing was carried out in order to evaluate the corrosion 
resistance, and the primary physical properties (cross-cut 
adhesion test, Erichsen test) and secondary physical prop- 
erties (cross-cut adhesion test, Erichsen test) were mea- 
sured as described in more detail below in order to evalu^ 
ate film adhesion. The results obtained are reported in 
Table 2, 

15 1. The line interval in the cross-cut adhesion test for 
primary physical properties was i millimeter ("mm"), 
and the number of remaining squares (out of a total of 
100 squares) after tape lift off was reported accord- 
ing to the following five level scale. 

20 Number of 

Remaining loo 90-99 50-89 10-49 0-9 

Squares* ^ 

SSSEg: 54 3 2 X 

2. The Erichsen test for the primary physical properties 
25 Tised a 5 mm eictrusion, and the residual film area af- 
ter tape lift-off was reported after conversion using 
the same five level scale as for part I.i. 

3. The cross-cut adhesion test for secondary physical 
properties was conducted as follows: the painted 

30 sheet was immersed in boiling water for 30 minutes, 

then allowed to stand in a room for 24 hours, and then 
subjected to cross-cut adhesion testing as in part I.i 
above. 

4. The Erichsen test for secondary physical properties 
35 was conducted as follows: the painted sheet was im- 
mersed in boiling water for 30 minutes, then allowed 
to stand in a room for 24 hours, and then subjected 
to Erichsen testing as in part 1.2 above. 



wo 91/11542 



PCr/US91/O0S31 



10 



5. 
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The salt-^ray test was conducted as follows: ^« 
painted sheet was scrJDed with a cross-f om cut using 
a cutter and then tested for 120 hours in accordance 
with JIS Z-2371. The development of white rust was 
measured on the plane surface of the painted sheet 
while the average lift-off width was measured for tape 
lift-off in the cut region. These values were r^ort- 
ed after conversion according to the following five 
level scales: 

For the Plane surface 
Percentage 
of Area with ^. , 

White Rust V-KIX ll-<26 26-<5l 51-100 

Developmei^f-. 

15 scoye 54 , , 



For the Cut Region 

Width in 
20 of JiUrea 

Peeled Away "^"'^ 0.5 - <3 3 - <7 7 - <13 >i3 
toonnd the cut 

SSSSS. 5 4 3 21 

25 II. Kxamples CI to CIO concern the preparation of an un- 
dercoating for painting through treatment of galvanized 
steel sheet with a treatment liquid according to the pres- 
ent invention, rinsing with water, and a subsequent chro- 
nate treatment. Comparison Examples CI to C5 are for com- 
30 parison in this regard. 

The galvanized steel sheet serving as the treatment 
substrate was hot-dip galvanized steel sheet (GI) with a 
sheet thickness of 0.35 am, a sheet width of 200 mm, a 
length of 300 mm, and coating of 90 g/m^ of zinc. ke 
respective treatments were ia^leaented according to the 
conditions described in Table 3, were followed by a water 
rinse and drying, and afforded the metal add-ons also re- 
ported in Table 3. Spraying was employed as the treatment 
method in all cases, and the spray pressure was 0.5 kilo- 
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grains (force) per square centimeter ("kgf/cm^") . a coating 
type chrOTiate treatment liguld having a pH of 2.8 and con- 
taining 25 g/l, of Cr^-^, 12 g/L of Cr^*y 60 g/L of fumed 
silica^ and 40 g/L of solids from an acrylic resin emulsion 
5 was then applied to each sheet by nsing a roll coater fol- 
lowed by drying. (This is a conventional undercoating 
treatment for galvanized sheet to be painted.) The film 
weights obtained were 40 to 60 mg/m^ as Cr add-on. The 
sheets obtained were then coated with paint for colored 
10 galvanized sheet: First a primer (FG64 from Dainippon ink 
& Chemicals) was applied to give a dry film thickness of 5 
micrometers, baked in a hot-air drying oven with a maximum 
attained metal plate temperature (MPT) of 210 degrees cen- 
tigrade. Finally, top coated sheet was prepared by the 
15 application of a 13 micrometer thick PE Blue top coat (from 
Dainippon Ink & Chemicals) , using a bar coater, and baking 
in a hot-air drying oven at MPT =210 degrees Centigrade. 

Additionally, sheet which had been treated up to and 
including the chromate treatment as described above was 
20 coated, using a bar coater, with a conventional back coat 
(VB-4, from Dai Nippon Toryo Company, Limited) to a thick- 
ness of 7 micrometers, and this was baked in a hot-air dry- 
ing oven at MPT = 210 degrees Centigrade to afford back 
coated sheet. 

25 The top coated sheets were subjected to a bending test 

and salt spray testing, and the back coated sheets were 
subjected to salt spray testing. 

The severity of the bending test varies according to 
the number of sheets inserted during bending, and is re- 
ported as OT, 2T, etc., in correspondence to the number of 
inserted sheets. Also, the test temperature exercises an 
effect, and a lower temperature corresponds to greater se- 
verity. After bending in the bending test and tape lift- 
off, the lifted off or peeled area was reported according 
35 to the following five level scale; 



30 



wo 91/11542 



PCT/US9I/00S31 



10 



Percen-tage 

of Area witai <l l-<ii ii-o* b, ^, . 

Paint V^i^ 26-<51 51-100 

S^SS. 5 4 3 2 1 

Xn the salt spray tests, the status of the plane sur- 
face and out region was evaluated by the saae methods and 
reported according to the same scales as in part 1.5 above 
after 2,000 hours of salt spray for the top coat and after 
10 ^e«e results are reported in 

111. Bxaaples Dl to DIO concern the preparation of an un- 
dercoating for painting in which galvanized steel sheet was 
treated with treatment liquid according to the present 
15 invention, rinsed with water, and then subjected to a chro- 
mate treatment. Comparison Examples Dl to D5 provide 
comparisons in this regard. 

The galvanized steel sheet serving as the treatment 
20 galvannealed steel sheet (gA) with a sheet 

thickness Of 0.35 mm, sheet width of 200 am, length of 300 
Jm, and coating of 60 g/»2 of zix,c. The respective treat- 
ments were implemented according to the conditions de- 
scribed in Table 5, followed by a water rinse and drying 
to afford the metal add-ons also reported in Table 5. 
25 spraying was employed as the treatment method in all cases 
and the spray pressure was 0.5 jcgf/cm^. a coating type 

iTZT.^sT'""'' '"^'^ ''"S"^ ' °* ^ containing 
25 g/i. Of cr ,12 g/i. Of cr^*, 60 g/L of fumed silica, and 

40 g/L of nonvolatiles from an acrylic resin emulsion, was 
then applied to each sheet by a roll coater, followed by 
drying. (This is a conventional undercoating treatment for 
galvanized sheet to be painted.) The film weights obtained 
were 40 to 60 mgV as Cr add-on. The sheets obtained were 
then coated with a conventional paint combination for col- 
35 ored galvanized sheet: First, a primer (PG64 from Dainip- 
pon ink S Chemicals) , was applied to give a dry film thick- 
ness of 5 micrometers and baked in a hot air drying oven 
with MPT = 210 degrees Centigrade. finally, top coated 
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sheet was prepared by the application of an oil free poly- 
ester paint as top coat (13 micrometers) , using a bar coat- 
er and then baking in a hot air drying oven at MPT « 210 
degrees centigrade. 
5 Additionally, sheet which had been treated up to and 

including the chroaate treatment as described above was 
coated, using a bar coater, with an alJcyd paint back coat 
(7 micrometers), and this was baked in a hot air drying 
oven at MPT = 210 degrees Centigrade to afford back coated 
10 sheets. 

The top coat paint was subjected to a bending test and 
salt spray testing, and the back coated sheet was subjected 
to salt spray testing. 

The severity of the bending test varies according to 

15 the number of sheets inserted during bending, and is re- 
ported as OT, 2Tr etc*, in correspondence to the ntnnber of 
inserted sheets. Also, the test teinperature exercises an 
effect, and a lower temperature corresponds to greater se- 
verity. The test results were obtained in the same manner 

20 and reported according to the same scales as in part II, 
except that the salt spray was continued for 1,000 hours 
for the top coated sas$>les and for 360 hours for the back 
coated samples. These results are reported in Table 6, 

IV. Examples El to BIO also concern the preparation of an 
undercoating for painting in which galvanized steel sheet 
was treated with treatment liquid according to the present 
invention, rinsed with water, and then subjected to a chro- 
mate treatment. Comparison Examples El to E5 provide com- 
30 parisons in this regard. 

The galvanized steel sheet serving as the treatment 
substrate for these exaioples was galvaluminum steel sheet 
(Gil), i. e., steel sheet coated with an alloy of about 45 
% Zn and 55 % Al, with a sheet thickness of 0.35 mm, sheet 
35 width of 200 mm, length of 300 mm, and coating of 90 g/m . 
The pretreatments according to the invention or for compar- 
ison were implemented according to the conditions described 



25 



wo 91/11542- PCr/US91/0053I 

12 

in Table 7, followed by a water rinse and drying, to afford 
the metal add*ons also reported in arable 7* Spraying was 
employed as the treatment method in all examples of this 
group ^ and the spray pressure was 0.5 kgf/cm^. The samples 
5 thus pretreated were given a chromating treatment followed 
by either a top coating treatment or a back coating treat- 
ment by the same methods, then tested by the same tests, 
and test results were reported on the same scales, as in 
part II above, except that the salt spray times were lOOO 
10 hours for top coated samples and 500 hours for back coated 
samples. OSie results are reported in Table 8. 

V. Examples Pi to PIO concern the preparation of an un- 
dercoating for painting in whidh zinc coated steel sheet 

15 was treated with treatment liquid according to the present 
invention, rinsed with water, and then subjected to a phos- 
phating treatment. CCT(parison Exax&ples Pi to P5 provide 
comparisons in this regard. 

The zinc coated steel sheets serving as the substrates 

20 for these exaa^jles had a sheet thickness of 0,7 mm, sheet 
width of 200 mm, length of 300 mm, and an electroplated 
coating of 20 g/m of an alloy of about 88 % Zn and 12 % 
Hi. Treatments according to the invention or for compari- 
son were implemented according to the conditions described 

25 in Table 9, followed by a water rinse, to afford the cobalt 
add-ons also reported in Table 9. (Only cobalt add-on val- 
ues were determined for these samples, because the pzresence 
of nickel in substantial amounts in the zinc alloy coating 
made the determination of the nickel add-on value techni-- 

30 cally difficult* } Immersion was employed as the treatment 
method for all of these examples. This was followed first 
by a surface*-conditioning treatment in the form of a 20 
second spray with 1 g/Ii PREPALENB ZN™ (commercially avail- 
able from Nihon Parkerizing Company, Limited, Tokyo) ; then 

35 immediately, without a water rinse, by an immersion treat- 
ment for 2 minutes at 40 degrees Centigrade in a phosphat- 
ing treatment bath (containing PMBOKD Ii3004™ from Nihon 
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Parkerlzlug Ccaapany, JCdaited) , followed toy eleatrocoating 
to a thidcness of 20 nicrons with KLCCRON 9410^ from Kansai 
Paint Company, lomited) ; then finally by a water rinse. 
The sheet was then processed with a standard paint system 
5 for car body pamels: intezmediate coating of AMIIAC SEAL- 
ER™ (from Kansai Paint), 30 micrometers; final coating of 
AKXXiAC WHITE H3^, 40 aierometers. Secondary adhesion wat- 
er-resistance testing was then conducted under the follow- 
ing conditions, and these results are reported in Table 10, 
'^^ Secondary adhesion water- resistance test 

The tricoated sheet was immersed in deionized water at 
40 degrees Centigrade for 240 hours £uid then scribed with 
100 cross-cut scpiares with a one mm interval using an 
acrylic cutter so as to reach the base metal of the painted 
15 sheet- After lift off with cellotape, the number of 
squares retaining paint was reported according to the fol- 
lowing five level scale: 
Number of 

20 Retailing " 5° - 89 lo - 49 0 -9 

Squares ; 

SSS2£e: 5 4 3 2 1 



VI • Examples Kl to KIO concern the treatment of galvanized 
25 steel sheet with treatment liquid according to the present 
invention, followed by a water rinse and then a bakable 
chromate type blackening treatment* Comparison Examples Kl 
to K5 provide comparison in this regard. 

The galvanized steel sheet serving as the treatment 
30 substrate was electrogalvanized steel sheet (EG) with a 
sheet thickness of 0*45 mm, sheet width of 200 mm, length 
of 300 mm, and plating of 20 g/m^. Treatments according to 
the invention or for comparison were implemented according 
to the conditions described in Table 11, followed by a wat- 
35 er rinse and drying, to afford the metal add-ons also re- 
ported in Table 11 » Xmnt^sion was employed as the treat- 
ment method for all exan^les in this group. A bakable 
chromate type blackening treatment bath having a pH of 2 • 2 
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15 



20 
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and containing 80 g/I, of Cr6+ „ ^ 3+ 

, 40 g/L of cr^+, and 40 g/L 

of nonvolatiles from an acrylic resla emulsion was then 

applied to each sheet by grooved roll coating to give a dry 

film thictaiess of 3 micrometers, followed by drying in a 

hot air drying oven at MPT of 200 degrees Centigrade to 

afford baked and blackened galvanized steel sheet. 

Ihese blacOcened galvanized steel sheets were subjected 
to bending tests in order to evaluate the adhesion between 
the blackening film and substrate, while salt spray testing 
was conducted in order to evaluate the corrosion resist- 
ance. Olhe bending tests were carried out with 2T. m the 
salt spray tests, the area of <*ite rust development on the 
plane surface was evaluated after 96 hours and was reported 
according to the same five level- scale as in part 1.5. The 
bending test result were reported according to the follow- 
ing scale: 

Percentage 

g.^^g,^^^ <^ 26-<51 51-100 



These results are reported in Table 12, 



PCT/US91/00531 

WO ^1/11542 

15 



n\ixnber 


substrate 


metal ion added 


complexintf a^^ent 


type 


concen- 
tration 

. «^ 


type 


concen*^ 
tratlon 


Example ] 


EG 


m 


2,0 


ethylenediamlnc 


15 


Example 2 


EG 


Nl 


2.0 


ammonia 


15 


Examples 


EG 


NJ 


2.0 


elh4yJcnedJamlnc 


IS 


Example 4 


EG 


Co 


o:04 


ammonia 


5 


Example & 




Ni 
Co 


1.0 
1.0 


dJelhylenetriamlne 
^luiamic acid 


10 
5 


Example 6 


&U 


Ni 
Co 


2.0 
0.5 


glycine 


5 


Exam. 7 


EG 


Nl 

Co 


0.5 

0.5 


Uleihylenclciramtoc 

aiBmonla 


3 
5 


Example 8 


EC 


Co 


2.0 


trJcUiylcnetetramlDC 


4 

0.5 


Example 9 


EC 




30 


alanine 
ammonia 


1 
5 


Example 10 


EG 


Nl 
Co 


1.0 
1.0 


K-methykt^iyleDcdlamfne 
1 .2-dlamlnopropane 


5 
5 


Compajison 
Example J 


EG 


Co 


1.0 


EDTA 2Na 


5 


^^mpanson 
Example 2 


Ct\J 


Nl 


J.0 


sodium dtxate 


10 


Compailson 
Example 3 


EG 


CfCOj; l6gfUBa\3^ 30i/t,Hri5S9(J: 3^ 
dWcacld: f: /U potassium aiittmoi^ tartrate: 0,822^ 


Comparison 
Example 4 


EG 


NaOH: 0.76%, sodium bcxahydroxyhcptanoatt: 0,1% 
fenic nitrate: 0,0037%. cobaR nitrate: 0.0024% 


Companson 
Examples 


EG 


no treatment 
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T^ble2. 





prlmao^ physical properUn 


secondary physlcaJ properUep 


NuDsber 


cross-cut 
adhesion 


Ejichsen 


cross-cui 
adhesion 


Ejichsen 


Example I 


5 


5 


5 


5 


CxainpJe 2 


5 


5 


5 


5 


ExAjnpIe 3 


5 


5 


5 


5 


Example 4 


5 


5 


5 


5 


Example 5 


5 


5 


5 


S 


Exajnple 6 


5 


5 


5 


5 


E^xample 7 


5 


5 


5 


5 


E^mple 8 


5 


5 


5 


5 


Example 9 


5 


5 


5 


5 


Example 10 


5 


5 


5 


5 


CotDpartson Example 1 


3 


2 


2 


1 


Compajison Example 2 


3 


2 


2 


1 


Compajison Example 3 


5 


5 


5 


4 


Comparison Example 4 


5 


5 


5 


4 


Comparison Example 5 


1 


1 


1 


1 
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Table 2. (Continued) 





salt spray. 120 hours 


Number 


pjallC SlUiaCC 

region 


cut 
region 


Exajnple 1 


5 


3 


£.van3p!e 2 


5 




Example 3 


5 




E^tampk 4 


s 
*j 




Example 5 


5 




Example 6 


5 




Example 7 


5 




Example 8 


5 




Example 9 


5 




Example 10 


5 




Comparison Example 1 


2 




Comparison Example 2 


2 




Comparison Example 3 


1 




Comparison Example 4 


I 




Comp arison Example 5 


1 
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number 


substrati 


metal fon added 


eomplexin^ a^ent 


• type 


concen* 
tration 


type 


concen* 
tratlOA 


Example CI 


01 


Ui 


2.0 


elhylcncdl amine 


IS 


Example C2 


Gl 


Nl 


2.0 


amxsonla 


5 


Example C3 


GI 


Nl 


2.0 


eihylenrdiamlne 


15 


Example C4 


GI 


Co 


0.04 


ammonia 


S 


Example C5 


01 


NJ 
Co 


1.0 
1.0 


dlclhylenclrtamlnc 
gYuiamlc acid 


10 
5 


Example 06 


01 


Nl 
Co 


2.0 
0.5 


glycine 


5 


Example 07 


01 


NJ 

Co 


0.5 
0.5 


IrJelhylenclclraipine 
amTDonla 


3 
5 


Example 08 


Gl 


Co 


2.0 


Ijiclbyleneletramlne 
asparUc acid 


4 

0.5 


Example 09 


GI 


NS 


ao 


alanine 
ammonia 


I 

5 


Example CIO 


GI 


Nl 
Co 


1.0 
2.0 


N^methylethylenediamlne 
1 ,2-dlamlnopropane 


5 
5 


Compailson 
Example 0) 


GI 


Co 


1.0 


£DTA2Na 


5 


OompaHsoD 
Example 02 


GI 


Ni 


1.0 


sodium citrate 


10 


Compailson 

» CI I1J^#V 


Gl 


dtrieacid: 5 iC/L, poCasshna anf±nonyI iaifrale: O.B22g/h 


Comparison 
£2xampje 04 


OI 


NaOH: 0.76%, sodium liezabydroxyiieptanDate; 0.1% 
ferrlo nitrate: 0.0037%. cbbaA nArate: 0.0024% 


Comparison 
Example OS 


GI 


no treatment 
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addiuve 










number 


type 


concen- 
tratlon 


PH 


T 

•c 


j treatment 
1 time 


metal 
dcposfuon 
W + Col 

- "^P2 


EicajnpJc CI 






7.5 


GO 


I 8 


12 


Example C2 






j 7,5 


GO 


1 ^ 


46 


Example C3 


NaSCN 


0 07 


7.5 


60 


1 8 


28 


EicAmplc C4 


N5tV02 


a.o 


I 9.5 


60 


60 


20 


E>cample 05 


NaClO^ 


0 

0^ 


7.0 


60 


8 


28 


Example C6 


KaNO^ 
KaiVQ2 


1,0 
0.5 


' 10.0 


60 


8 


6 


&eample C7 






5.5 


60 


8 


8 


Example C8 


NaH2P02 
SClNH2fe 


1.0 

1^ 


6.0 


60 


8 


27 


Examp3eC9 


NO2- 


2.0 

0.5 1 


a.5 


60 j 


8 


18 


Example CIO 


NQs- 


ZO 1 


7.0 


60 


8 


15 


Compaiison 
E^camDle Ci 






9.5 


60 1 


8 


as 


Companson 
Example C2 






8.5 


60 j 


8 




Coxnpailson 
JBbcampIe C3 




2,0 


60 


5 


35 


CompaiisoB 
^xai^aple C4 




las 


71 j 


60 


45 


Compajrtsoa 
Example CS 




0 
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topcoat 


Number 


bending 
(25«Q 


bending 


sall-spray iesUng 
[2,000 hour^ 






rr 


OT 


2T 


plane 
surface 


cut 
region 


ExaiDple CI 


5 




o 


c 

«7 


5 


3 


Ebcampk C2 


5 






e 
3 


«7 


4 


Cxanaple C3 


5 


o 


4 


9 


9 




Example C4 


5 


9 




9 


C 

o 




Example C5 


5 


5 


4 


5 


5 




Example CS 


5 


5 


3 


5 


5 




Example C7 


S 


5 


3 


5 


5 




Example C8 


5 


5 


3 


5 


S 




Example C9 


5 


S 


4 


5 


5 




Example CIO 


$ 


5 


8 


S 


5 




Comparison Example CI 




5 


1 


I 


4 


3 


Comparison Example C2 


3 


5 


1 


1 


4 


3 


Comparison Example C3 


$ 


5 


3 


5 


3 


2 


Comparison Example C4 


5 


6 


3 


5 


3 


2 


Comparison Example C5 


2 


2 


1 


1 


1 


1 
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Table 4. (Continued) 





back coat 


Number 


salt-spray testing 
(SCOboursi 




plane suHace 


cu( region 


Example CI 


4 


3 


Example C2 


5 


4 


Example C3 


5 




Example C4 


5 


4 


Example C5 


5 


4 


Example C6 


5 




Example C7 


S 




cjcanipic v.*9 


5 




Example C9 


5 




Example CIO 


5 




Comparison Example CJ 


4 


3 


Comparison Example 02 


4 


3 


Comparison Example C3 


3 


2 


Compartson Example 04 


3 


2 


jCk}mpari$on Example 05 


1 


1 



SUBSTFTUTB SHEET 



wo 91/11542 



PCr/US91/00531 



23 



TMt S. 



number 


substrate 


metal ion added 


complexfng agent 


type 


concen« 

tratJon 


type 


concen- 
tration 


Ebcamplc Dl 


GA 


Nl 


2.0 


clhylcnedJaraJnc 


15 


ExajTjpJe D2 


GA 


Nl 


2.0 


ammonia 


5 


Example D3 


GA 


Nl 


2.0 


cthyJenedJamlne 


15 




GA 


Co 


0.04 


ammonta 


5 


Example D5 


GA 


Nl 
Co 


1.0 
1.0 


dielhylenetjlamine 
glutamic acid 


10 
5 


Bx^iple D6 


GA 


Co 


2.0 
0.5 


glycine 


5 


Exajxiple 07 


GA 


Nl 
Co 


0.5 
0.5 


Irlet^ylenetetramlne 

ammonia 


3 
5 


Elxainplc D8 


GA 


Co 


2.0 


trletliylenetetramine 
aspartJc add 


4 

0.5 


Cxampk D9 


GA 


Nl 


3.0 


alanine 
ammonia 


I 

5 


Example DIO 


GA 


Nl 
Co 


LO 
1.0 


K*methylethy1enedlamlne 
1 *2-dlamlnopropane 


5 
5 


Comparison 
ExaropJe Dl 


GA 


Co 


1.0 


EDrrA2Na 


5 


Cocoparl^on 
E^caxDple D2 


GA 


Nl 


0.3 


sodium citrate 


10 


Comparlsoti 
£xaxi3pleD3 


GA 


CoCO^- 16g/UHa{359Q: dOgA^KFC559»: 3g/L 
dtilcacid: 5 g/Upotassfimiantfrnonyi tartrate: 0,822g/L 


Comparison 
Ebcample D4 


GA 


NaOH: 0.7G9&, sodtwn hexahydrao^eptanoate: 0.196 
fenfe citrate: 0.0037%. cobaH mtrate: 0.0024% 


Comparison 
Kxample D5 


GA 


so treatment 
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T^le 5. (ContfDtieca 





addJUve 










number 


type 


conccn- 
Irallon 


1 PH 


T 

-c 


treatment 
time 
sec 


1 metal 
1 deposition 
1 (Nl 4^ CD) 

{ TngJnP- 


Elxaisple Dl 




— 


1 


$0 


8 


1 ^ 








j 7.5 


GO 


8 


18 


Example D3 


NaSCN 


0.07 


1 7.5 


60 


8 


25 


ExampSe D4 


NaN02 


1.0 


J 9.5 


60 


60 


1 14 


Example D5 


Naa04 
i\aH2P02 


0.5 
0.8 


7.0 


eo 


8 


32 


Exaxople D6 


NaN03 


1.0 

as 


30.0 


60 


6 


35 


Example D7 






5.5 


60 


8 


10 


&caxDpIe D8 


SC(NH2)2 


1-0 
1,0 


6,0 


60 


8 


38 


Example D9 


Nrv»* 

S2O32- 


0.5 J 


8.5 


60 


8 


48 


Bbcarople DIO 


NQ3- 


2.0 


7.0 


60 


8 I 


25 


Compaxlson 
Example Dl 






9.5 


60 


8 


0.8 


Comparison 
Example D2 






8.5 


60 


8 1 


0.5 


Comparison 
Example D3 




2.0 


60 


5 1 


32 


Comparison 
Example r>4 




13.5 


71 


60 1 


30 


Comparison 
Example D5 






0 
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top coat 


Number 


bending 


bending 


salt-Spray lesUng 
(2.000 boursl 




IVT 


^ i 




* t 


surface 


cui 
region 


Fxample Dl 


5 


5 




5 


5 


5 


Example D2 


6 


5 


< 


5 


5 


5 


E^cajDpJc D3 


5 


5 




5 




5 


Example L • 


5 


5 




5 


5 


5 


Example D5 


5 


5 




5 


5 


S 


Example D6 


5 


5 




5 


5 


5 


Example D7 


5 


5 




5 


5 


5 


Example D8 


5 


5 




5 


5 


5 


Example D9 


5 


5 




5 


5 


5 


Example DIO 


5 


5 


3 


S 


5 


5 


Comparison Example Dl 


3 


5 


2 


3 


$ 




Comparison JEbcample D2 • 


4 


5 


2 


3 


5 




Comparison Exaicple D3 




5 


4 


5 


5 




Comparison Ebuunple D4 


5 


5 


4 


5 


5 




Comparison Ebcample D5 


2 


4 


I 


2 


5 
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Tabl«6. (Continued) 





back coat 


Number 


saJt-spray testing 
(360 hours) 










5 


5 




5 


5 




5 


5 




5 


5 




5 


5 


f .x;irnpie 2.>o 


5 


5 




5 


5 


example D8 


6 


5 




5 


5 


E^eample DIO 


5 


5 


Coaparison Example Dl 


4 


4 


Comparison Example D2 


4 


4 


Comparison Example D3 


4 


4 


Comparison Example D4 


4 


4 


Comparison Example D5 


3 


2 
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number 


substrate 


metal ion added 


complexlnj; aj^ent 


! type 


concen* 

tration 
g/L 


type 


concen- 
tration 
8/L 


Ebcanple El 


CL 


m 


2.0 


ethyl cj^cdJ amine 


IS 


Example E2 


GL 


NI 


2.0 


amroonla 


S 


Example E3 


GL 


Nl 


2.0 


ethylenedlamlnc 


IS 


Example E4 


GL 


Co 


ao4 


ammonia 


5 


Exiimpic E5 


GL 


Ni 
Co 


1.0 
1.0 


dletbylcnetrlainine 
glutamic actd 


10 

s 


Example £6 


GL 


Nl 
Co 


2.0 

as 


glycine 


5 . 


Example E7 


GL 


Nl 
Co 


0.5 
0.5 


trletbylenetetramlne 
ammonia 


3 
5 


Example £3 


CL 


Co 


2.0 


%^ J VVa«T PW*AW»^^« AUJ'AA^ 

aspartic acid 


0.5 


Example £9 


GL 


Nl 


3.0 


alanine 
ammonia 


2 
5 


Example ElO 


GL 


Nl 
Co 


2.0 
LO 


N-meEbylethylenediamine 
1 ,2-dianiinopropane 


5 
5 


Comparison 
Example El 


GL 


Co 


2.0 


EZXTA 2Na 


5 


Comparison 
Example E2 


GL 


Nl 


1.0 


sodium citrate 


10 


Comparison 
Example £3 


GL 


CoCQs: I6£/UHa099ft 30gA^HFC5599: 3g/L 
cfbieadd: 5 gA«k potas^Tum antimopii tarbrate: 0.822 £/L 


Comparison 
£^camp]e £4 


GL 


NaOH: 0,76%» sodhas bexahydrnx^^eptanoale: 0.1% 
ibrrfe nitrate: 0.0037%, cobaR nttmte: 0.0024% 


Comparison 
Ebcample E5 


GL 


no tt^eatcQent 
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Table?. (Continued) 





addiUve 










nunibfcr 


type 


concen- 
tration 


PH 


T 

•c 


(xcatment 
tlm 


deposition 
(Nl^Co) 


EjcaiDpJe El 






7.5 


65 


8 


9 


Example E2 






7.5 


65 


8 


21 


Example E3 


NaSCN 


0.07 


7.5 


65 


8 


27 


Example E4 


NaN02 




9.5 


65 


60 


17 


Example E5 


Naa04 
NaM2P02 


0.5 
0.8 


7.0 


65 


8 


20 


Example E6 




1.0 
0.5 


10.0 


65 


8 


4 


Example £7 


«^ 





5^ 


65 


8 


5 


ElxaxnpkES 


NaH2P02 


1.0 
1.0 


6.0 


65 


8 


20 


Example E9 




2.0 
0.5 


8.5 


65 


$ 


iO 


Example EIO 


NaNQ3 


2.0 


7.0 


65 


8 




Comparison 
Example El 






9.5 


65 


8 




CotDpartson 
Example E2 






8.5 


65 


8 




Compajison 




2.0 


60 


5 


18 


Comparison 
Kxamp]e£4 






71 


eo 


38 


Comparison 
Example £5 




0 
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Tables. 





topcoat 


Number 


bending 
(25*C) 


bending 


salt-spray lesUng 
0.000 hours} 




or 


27 


or 


2T 


plane 
surface 


cut 
region 


wCAJUpiC £ri 


4 


5 


3 


5 


5 


3 




5 


5 


3 


5 


5 


3 




5 


5 


3 


5 


5 


3 




5 


5 


3 


5 


5 


3 




5 


5 


4 


5 


5 


3 




5 


5 


3 


5 


5 


3 




5 


5 


3 


6 


5 


3 


Example £8 


S 


5 


3 


5 


5 


3 


Example E9 


5 


5 


4 


5 


5 


3 


Example £30 


5 


5 


3 


5 


5 


3 


Comparison Example El 


. 2 


5 


1 


1 


4 


2 


Comparison Example E2 


3 


5 


1 


1 


3 


2 


Comparison Example B3 


5 


5 


3 


5 


3 


2 


Comparison E^eample £4 


5 


5 


3 


5 


3 


2 


Comparison Example £5 


2 


3 


2 


1 


3 


2 
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Tables. (ContinuecQ 





back coal 


Number 


salt -spray testing 
(SOOboui^ 




plane surface 


cut region 


Example El 




3 


Example £2 


m 

0 


4 


Example E3 


0 


4 


Example B4 




4 


Example E5 


5 


4 


Example E6 


5 


4 


example E7 


5 


4 


Example £8 


5 


4 


Example £9 


5 


4 


Ebeample BIO 


5 


4 


Comparison Example £1 


4 


3 


Comparison Cbcample E2 


4 


3 


Comparison Eixample £3 


3 


2 


Ji^mparlson Example B4 


3 


2 


Comparison Example £5 


3 


2 
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pcr/us9i/(m53i 



number 


substrate 


metal ion added 


eomplexJng attenl 


type 


concen- 
tration 


type 


concen- 
tration 
HA. 


Example Fl 


Zn-Nl 


Nl 


%0 


tthylenedlamlne 


15 


^cample P2 


Zn-Nl 


Nl 


2.0 


ammonia 


5 


Example P3 


Zn-NI 


NJ 


2.0 


etliylenediamJne 


15 


Example P4 


Zn-Nl 


Co 


0.04 


ammonia 


5 


H:xanip]c P5 


Zn-NJ 


Nj 
Co 


l.O 
1.0 


dlclhyltnctriamlnc 
^utamlc acid 


10 

5 


Exan'iple F6 


Zn-NI 


Nl 

Co 


2.0 
0.5 


glycine 


9 


Example P7 


Zn-Nl 


NS 
Co 


0.5 - 
0.5 


UlethyJenetelraminc 
ammonia 


3 
5 


Example P8 


Zn-NJ 


Co 


2.0 


tricthylcnctelmmlne 
asparuc acid 


4 

0.5 


Example P9 


Zn-NJ 


NJ 


3.0 


aJanine 
ammonia 


1 

5 


Example PIO 


Zn-Nl 


NJ 

Co 


1.0 

1.0 


N'mcthylelhylenedlamlne 
1 .2-dlaminopropane 


5 
5 


Comparison 
Example PI 


Zn-Nt 


Co 


\s> 


£OTA2Na 


5 


CDmparison 
Ebcample P2 


Za-Nl 


Ni 


1.0 


sodium cftiate 


10 


Comparison 
Example P3 


Zn-Nt 


CoOO^ X6g/UHa(39W: 30«/UHF{55W: 3g/L 
dWcadd: 5 f£/U potassium anttmorg! tartrate: 0.822 |£/L 


Comparison 
Example P4 


Za--Ni 


NaOH: 0.76%,sodhmihe3tahydroavbeptanoate: 0,1% 
fciTfc nitrate: 0.0037%, cobalt nttrate: 0.0024% 


Comparison 
Example PS 


Zn-Nl 


notreatcaent 
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Table 10. 



Number 



substrate 



secondary adhesfon 
water resistance 



£.xa2nple 



PI 


Zn-Nl 


P2 


Zn-NI 


P3 




P4 


Zn-Ni 


P5 


Zn-Nl 


PS 


Zn-Nl 


P7 


Zn-NI 


P8 


Zn-Nl 


P9 


Zn-Nl 


PIO 


Zn-NI 



5 
5 
5 
5 
5 
5 
5 
5 
5 



Compajison Example PI 
P2 
P3 
P4 
P5 



Zn-Nl 
Zn-Nl 
Zn-Ni 
Zn^NJ 
Zn-*NI 



2 
2 
3 
3 
I 
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number 


substYafi 


mdall 


on added 




! type 


concen- 
trati n 
«^ 


type 


concen- 
tration 


Example Kl 


EG 


Nl 


2.0 


etbylenediamine 


15 


Example K2 


EG 


Nl 


2.0 


ammonia 


5 


Example K3 


EG 


Nl 


2L0 


elhylcnedlamlne 


15 


Example K4 


EG 


Co 


0.04 


ammonia 


5 


Example K5 


EC 


Nl 
Co 


1.0 
1.0 


dJcthylenetrf amine 
glutamic acJd 


10 
5 


Example Ke 


EG 


Ni 
Co 


2.0 
0.5 


glycine 


5 


Example K7 


EG 


NI 
Co 


0.5 
0.5 


incthylenetctramlne 
ammonia 


3 
5 


Example K8 


EG 


Co 


2.0 


trletbylenetetramlne 
aspartlc acid 


4 

0.5 


example K9 


EG 


Nl 


3.0 


alanine 
ammonia 


1 
5 


Example KJO 


EG 


Nl 
Co 


1.0 

1,0 


N-metbyletfaytenedlamlne 
1 t2-d!amJnopropane 


5 
5 


Comparison 
Example Kl 


EG 


Co 


hO 


EDTA 2Na 


5 


Comparison 
Example K2 


EG 


Nl 


IJ) 


sodium citrate 


10 


Comparison 
Example K3 


EG 


C0OQ3: I6gA^HaBS9(}: 30^HF(55^: 3s/L 
Citric add: 5 g/U potassium antfanon^ tartraf^* OfiM 




Comparison 
Example K4 


EG 


NaOH: 0.76%, sodium bexahydrco^eptanoale: 0.1% 
ferric nitrate: 0>0037%>. cobalt nitrate; 0.0024% 


Comparison 
Etxample K5 


EG 


no treatment 
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Tabte H. <Contlnuc<8 





addJUv 










number 


vyyc 


irati n 
g/L 


l« 


T 


trealment 
time 
sec 


meta! 
deposition 
(Nl + Co) 
mgfxsP' 


Example XI 






7.5 


50 




60 


Example K2 






7.5 


50 


30 


90 


Example K3 


NaSCN 


0.07 


7.5 


SO 


30 


95 


E implc K4 


NaN02 


1.0 


9.5 


50 


60 


44 


Example K5 


NaC104 
NaHi>P02 


05 
0.8 


7.0 


50 


30 


51 


Example K6 


KaNOs 
Na-NOa 


1.0 
0.5 


10.0 


50 


60 


40 


Example K7 






5.5 


50 


60 


43 


Example K8 


NaH2P02 


1.0 
1.0 


6.0 


50 


60 


132 




NdiNQa 


zo 

0.5 


B3 


50 


30 


135 




NaNQs 


2.0 


7.0 


SO 


GO 


104 


vompajisoii 
Example Kl 






9.5 


50 


60 


2 


Comparison 
Example K2 






3,5 


50 


2 


3 


Comparison 
Example K3 




2.0 


60 


5 


45 


Comparison 
Example K4 




las 


71 


60 


55 


Comparison 
Example K5 




0 
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l^ble 12. 



Number 



Example 



20 

K2 

K3 

K4 

K5 

X5 

K7 

K8 

X9 

KIO 



bending lest 
2T 



5 
5 
5 

5 

5 

5 

5 

5 

5 

5 



salt spray 
hours 



4 

4 

4 

4 

5 

5 

5 

4 

4 

4 



Comparison Example Kl 
K2 
X3 
X4 
K5 



J 
I 
S 
5 

i 



SUBSTITUTE SHEEl 



wo 91/11542 



PCr/US91/0053l 



37 

CIAIM5 

1, A process for treating a cleaned surface of zinc coat- 
ed steel sheet with an aqueous surface treating solution 
comprising nickel or cobalt ions or both and a complexing 
5 agent for such ions, optionally subsequently treating the 
resulting surface with a chronating, phosphating, or baked 
chronate type blackening treat&ent, and optionally finally 
coating tbe treated surface with an organic protective 
coating, characterized in that said surface treating solu- 

10 tion has a pH between 5 and 10 inclusive and comprises (A) 
a total of at least 0.01 g/Zt of metal ions selected from 
the group consisting of Ki^* and Co^^ ions and (B) a suf- 
ficient amount to fully complex the metal ions recited in 
part (A) of complexing agents selected from the group con- 

15 sisting of ammonia and organic compounds having at least 
one amino group* 

2. A process according to claim 1, characterized in that 
the concentration of component (A) in the surface treating 
solution is between 0.01 and 30 g/Li* 

3. A process according to claim 2, characterized in that 
the concentration of component (A) is between 0.02 and 15 
g/L. 

4. A process according to claim 3, wherein an organic 
protective coating is included in the process, character- 

25 ized in that the amount of the total of cobalt and nickel 
deposited on the treated surface by treatment with said 
aqueous surface treating solution comprising nickel or co- 
balt ions or both cmd a complexing agent for such ions is 
between 2 emd 150 mg/m^. 

5. A process according to claim 3, wherein a chromating 
treatment but not a subsequent organic protective coating 
is included in the process, characterized in that the 
amount of the total of cobalt and niclcel deposited on the 
treated sxirface by treatment with said aqueous surface 

35 treating solution comprising nickel or cobalt ions or both 
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and a compleaclng agent for such ions is between 0.1 and 5 

6. A process according to claim 3, wherein a baked chro- 
aate type blackening treatment but not a subsequent organic 

5 protective coating is included in the process, character-* 
ized in that the amount of the total of cobalt and nickel 
deposited on the treated surface by treatment with said 
aqueous surface treating solution comprising nickel or 
cobalt ions or both and a complexing agent for such ions is 
10 between 2 and 1000 mg/m^. 

7. A process according to one of claims 1, 2, or 3, char- 
acterized in that the surface treating solution additional- 
ly comprises a component (C) selected from the group con- 
sisting of nitrite ions, nitrate ions, hypophosphite ions, 

15 thiocyanate ions, thiosulfate ions, thiourea, phosphite 
ions, and perchlorate ions. 

8. A process according to claim 7, wherein the concentra- 
• tion of component (C) is between 0,001 and 50 g/L. 

9. A process according to claim 8, wherein the concentra- 
20 tion of component (C) is between 0,005 and 20 g/L. 

10. A process according to claim 9, wherein an organic 
protective coating is included in the process, character- 
ized in that the amount of the total of cobalt and nickel 
deposited on the treated surface by treatment with said 

25 aqueous surface treating solution eoB4>rising nickel or 
cobalt ions or both and a complexing agent for such ions is 
between 2 and 150 mg/m^. 

11 • A process according to claim 9, wherein a chromating 
treatment but not a subsequent organic protective coating 

30 is included in the process, characterized in that the 
amount of the total of cobalt and nickel deposited on the 
treated surface by treatment with said aqueous surface 
treating solution comprising nickel or cobalt ions or both 
and a con^lexing agent for such ions is between 0.1 and 5 

35 mg/m^. 
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12. A process according to claim 9, wherein a baked chro- 
mate typB blactening treatment: but not a subsequent organic 
protective coating is included in the process, character- 
ized in that the amount of the total of cobalt and nickel 
5 deposited on the treated surface by treatment with said 
aqueous surface treating solution contprising nickel or 
cobalt ions or both and a cbn^leacing agent for such ions is 
between 2 and lOOO mg/m^. 



